Background: Cotton bollworms such as Pectinophora gossypiella and Earias insulana are serious pests which destroy the cotton plant, and Bracon brevicornis is a parasitoid which attacked the larvae of bollworms. Results: In this study, experiments were performed to investigate and evaluate the toxicity of etofenprox and chlorpyrifos insecticides against newly hatched larvae of Pectinophora gossypiella and Earias insulana. Some biological aspects of compound effects on larval and pupal duration, percentage of mortality, and percentage of adult emergence which resulted from treated newly hatched larvae were studied. The results revealed that LC 50 was 0.7 and 0.87 ppm when P. gossypiella was treated with etofenprox and chlorpyrifos, respectively, while LC 50 was 0.09 and 0.73 ppm when E. insulana was treated with etofenprox and chlorpyrifos, respectively. The obtained results showed that the percentage of mean larval mortality was 65.0 and 63.0% for treated P. gossypiella, while it was 71.0 and 66.0% for treated E. insulana. The corresponding figure for pupal percentage mortality was 8.0 and 10.0% for treated P. gossypiella, but it was 5.0 and 2.0% for treated E. insulana, with etofenprox and chlorpyrifos, and a prolongation effect in larval and pupal development (total immature stage) resulted from treated both bollworms as follows: 35.5 and 32.4 days for treated P. gossypiella compared with 21.9 days in control and 34.7 and 23.2 days for treated E. insulana compared with 23.1 days in control. The indirect effect of etofenprox and chlorpyrifos on the total immature stage of Bracon brevicornis was 18.2 and 19.5 days compared with 14.3 days in control when B. brevicornis parasitized on P. gossypiella larvae while it was 19.8 and 20.6 days compared with 15.2 days when B. brevicornis parasitized on E. insulana larvae. Conclusion: The life cycle of B. brevicornis after parasitism on P. gossypiella and E. insulana larvae treated with etofenprox and chlorpyrifos were increased than the control larvae.
Introduction
In Egypt, up till now, the bollworms are the most important pests that attacked the cotton (Gossypium spp.); the pink bollworm, Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae), in many cotton-producing areas of the world, causes serious damage in cotton bolls and great loss in both quality and quantity of cotton yield. The spiny bollworm, Earias insulana (Lepidoptera: Noctuidae), is a key pest of cotton. Its larvae are a major cosmopolitan pest of a wide range of crops in various parts of Egypt. It is found on all Gossypium species including cotton, Okra, and other host plants which are mainly confined to the Malvaceae and few species of Tiliaceae. It causes damage and reduces boll and cotton yield, (Kandil 2001) . Up till now, some trials in the laboratory or under the environmental field used insecticides for controlling the bollworm pests, such as pyrethroid or phosphorus compounds.
Parasitoid wasps, Bracon brevicornis (Hymenoptera: Braconidae), being primary parasitoids, attacked the different larvae of Lepidoptera insects. Parasitoids are insects whose larvae developed by feeding on bodies of different insects, eventually resulting on the death of the host, and a single host provides all the food required for the development of the larval stage parasitoid unto pupal stage. Actually, most of the studies regarding the effects of insecticides (inclusive for pyrethroids or phosphorus) on parasitoids and other natural enemies have relied on the evaluation of acute toxicity by determination of a median lethal dose LD 50 or concentration LC 50 (Desneux et al. 2006 and Kandil 2007 .
The main routes of pyrethroid or phosphorus compound exposure for larvae or/and adult parasitoids are uptake after direct exposure to spray droplets and uptake of residues by contact with contaminated surfaces or food sources (Longley and Stark 1996) ; some authors recorded that when parasitizing or feeding on host treated with insecticide, all the stages (egg, larva, and pupa) of parasitoids are highly affected; also, the latent effect caused reductions in the longevity and fecundity when the parasitoids are exposed to insecticides during development inside or outside the host treated (Longley 1999 , Ergin et al. 2007 , and Kandil 2007 .
This study aimed to obtain knowledge or information on the effects of conventional insecticides like pyrethroids and organophosphorus on some biological and biochemical aspects of P. gossypiella and Earias insulana and indirect effects on Bracon brevicornis.
Material and methods

Hosts used
Pink bollworm (PBW) and spiny bollworm (SBW)
The first instar larvae of pink bollworm P. gossypiella and spiny bollworm E. insulana used in this study was obtained from the laboratory colony of Bollworm Department, Plant Protection Research Institute; Agriculture Research Center (ARC), reared for several generations away from any contamination, with insecticides on an artificial diet as described by Rashad and Ammar (1985) and Amer (2015) .
The parasitoid of Bracon brevicornis
The Bracon brevicornis was collected from infested dry cotton bolls by parasitized pink bollworm diapauses with B. brevicornis larvae at the end of cotton season from cotton fields at El-Qaliobia region, Qaha Governorate. The larvae and cocoons of Bracon associated with full-grown host were collected and reared for two generations on full-grown larvae of P. gossypiella and E. insulana to adapt to the parasitoid before directing the experiment.
Insecticides used
Two insecticides of different groups were tested for their larvicidal effect, their classification are as follows:
1. Common name: Etofenprox 30% EC Trade name: Trebon 30% EC (rate of feddan, 50 cm/fed). Chemical name: 2-(4-Ethoxyphenyl)-2-methylpropyl 3phenoxybenzyl ether.
Common name: Chlorpyrifos 48% EC
Trade name: Dora 48% EC (rate of feddan, 1 l/fed). Chemical name: Diethoxy-sulfanylidene-(3,5,6-trichloropyridin-2-yl)oxy-λ5-phosphane.
Procedure
To study the larvicidal activity of etofenprox and chlorpyrifos against first instar larvae of P. gossypiella or E. insulana, serial concentrations in water were prepared. Six concentrations (0.466, 0.233, 0.116, 0.58, 29, and 0.14 ppm) for etofenprox and five concentrations (4.6, 2.3, 1.105, 0.65, and 0.32 ppm) for chlorpyrifos were freshly prepared for the stock solution of each compound (1 ml/1 l water).
Determine the toxicity of tested compounds on first instar larvae of P. gossypiella and E. insulana
To determine the toxicity of two tested compounds against first instar larvae of P. gossypiella and E. insulana, the different concentrations of each tested compound were sprayed on the surface of an artificial diet in Petri dishes. Thirty first instar larvae of the PBW or SBW for first instar were allowed to feed on the treated diet for each compound and were kept under constant conditions of 26.0 ± 1.0°C and 75.0 ± 5.0% RH. After 1 day for etofenprox or chlorpyrifos treatment, the dead larvae were counted to represent acute toxicity of the two tested compounds. The percentage of larval mortality was calculated by Abbot's formula (1925) . Three replicates were used in the experiments.
Biological aspect studies
For the same biological aspects studies, three replicates of 40 tubes, each tube (2 cm × 7.5 cm) containing 4.0 g of diet, were used. Alive larvae that no effect which resulted from newly hatched larvae treated with LC 50 of etofenprox and chlorpyrifos for 24 h were transferred individually to the diet tubes by camel hair brush. The same was done with the newly hatched larvae which resulted from control eggs. The tubes were capped with cotton and kept in laboratory under the previous conditions in an incubator with untreated diet and inspected daily until pupation. Pupae resulted from each treatment were removed from all tubes and placed in clean tubes till adult emergence. Some biological aspects such as larval malformation, larval and pupal durations, percentage of adult emergence, malformation and sex ratio, fecundity, and fertility were determined.
Biochemical assays
The assays were done at the Physiological Department of the Plant Protection Research Institute (P.P.R.I.). Samples of P. gossypiella and E. insulana treated and control larvae were collected after 14 days from different treatments and were homogenized in distilled water. The homogenates were centrifuged at 5000 rpm at 5.0°C. The supernatants were kept in deep freezer at − 20.0°C till use for biochemical assays.
The colorimetric determination of total soluble protein, total lipids, and carbohydrate in total homogenate of E. insulana adults that were estimated by the method of Bradford (1976) , Knight et al. (1972) , and Cromppton and Birt (1967) was done.
Reared parasitoid B. brevicornis on host larvae treated
To evaluate the effect of compounds on the progeny of the tested parasitoid, laboratory experiments were directed under controlled conditions (26.0 ± 1.0 C°and 60.0-65.0% RH).
Newly emerged adults of the parasitoid were sexed (10♀ and 10♂) and kept in glass jars (1/2 kg) with several droplets of honey bee being streaked on the surface of the glass jars as a source of food for the female wasps. Ten individually treated larvae from each host used (P. gossypiella or E. insulana (treated full grown larvae)) were offered daily to female parasitoids inside a glass jar; each glass jar was covered with muslin cloth and daily examination/glass jar. The daily parasitized host insect/ glass jar was carefully transferred to Petri dishes. The number of paralyzed and parasitized host and the number of laid eggs by the female wasp (on different hosts) were recorded daily and kept under the same conditions until the parasitoid death. Also, the percentage of hatchability and adult emergence were estimated. From the recorded data, the preferred host and/or age could be determined.
To determine other biological aspects of the parasitoid, 60 eggs of the parasitoid were collected for each tested host P. gossypiella, and E. insulana (larvae carried the parasitoid eggs) were daily examined to estimate the incubation period of eggs, larval and cocoon duration, and adult emergence. All experiments were carried out under laboratory conditions at 26.0 ± 1.0°C and 65.0-70.0% RH.
Statistical analysis
All the recorded data values were statistically analyzed with one-way analysis of variance (ANOVA) (P < 0.05%) (Snedecor 1952 ) and Duncan's multiple range test of means (Duncan 1955) being used. The analysis was conducted to estimate LC 50 and LC 90 values with their fiducial limits by Probit (proban) analysis software according to Finny (1971) .
Results
Toxicity of etofenprox and chlorpyrifos were recorded under laboratory conditions. The LC 50 and LC 90 values were summarized in Table 1 . It was noticed that etofenprox was more toxic and effective on both P. gossypiella and E. insulana where the LC 50 values were 0.07 and 0.09 ppm, respectively, than chlorpyrifos where the LC 50 values were 0.87 and 0.73 ppm, for the two insects respectively.
The percent of mortality and duration of larval, pupal, and total immature stages resulted from treated newly hatched larvae of P. gossypiella and E. insulana with LC 50 value of etofenprox and chlorpyrifos are shown in Table 2 .
The mean larval mortality percentages were 65.00 and 63.00% respectively compared with 3.00% in control for P. gossypiella newly hatched larvae treated with etofenprox and chlorpyrifos while the corresponding figure for E. insulana treated with the same two insecticides percent of mortality were 71.00 and 66.00% respectively compared with 4.00% in control. Pupal mortality percentages and malformed were 8.00 and 10.00% in the case of treated P. gossypiella with etofenprox and chlorpyrifos but decreased to 5.00 and 2.00% after treated E. insulana. Total mortality and malformed were 78.00 and 75.00% when treated P. gossypiella with the same two insecticides compared with 6.00% in control but were 76.00 and 68.00% after treated E. insulana with etofenprox and chlorpyrifos compared with 8.00% in control.
Etofenprox and chlorpyrifos prolonged the duration of larval stage, significantly. These periods were estimated to be 23.50 and 19.00 days/larvae, respectively, when treated P. gossypiella compared with 14.30 days in control and 21.40 and 17.30 days/larvae, respectively, when treated E. insulana compared with 15.30 days in control. Also, the two used insecticides caused an increase in pupal period, by 12.00 and 13.40 days/pupa, respectively, compared to 7.60 days in control of P. gossypiella and 13.00 and 11.90 days/pupa when treated E. insulana. The total immature stage of P. gossypiella were 35.50 and 32.40 days, which resulted from newly hatched larvae treated with etofenprox and chlorpyrifos, respectively, compared with 21.90 days in control, while total immature stage of E. insulana were 34.70 and 23.20 days after being treated with etofenprox and chlorpyrifos compared with 23.1 days in control.
Indirect toxicity of on Bracon brevicornis
Indirect toxic effects of etofenprox and chlorpyrifos on immature stages of parasitoid B. brevicornis at all periods of parasitism were obviously different than that of the control at different stages of development (Table 3) . Data in Table 3 showed the incubation period of B. brevicornis eggs that parasitized on P. gossypiella and E. insulana which were previously treated as newly hatched larvae with the LC 50 values of etofenprox and chlorpyrifos. As for P. gossypiella, it was 2.8 and 2.7 days, respectively compared with 2.3 days for control, and was 2.9 and 2.7 days in the case of E. insulana compared with 2.6 days for control.
Larval stage of B. brevicornis lasted 10.9 and 11.3 days when reared on full-grown larvae of P. gossypiella previously treated as newly hatched larvae with the LC 50 values of etofenprox and chlorpyrifos, respectively, compared with 8.9 days for control. The corresponding figure for E. insulana was 12.9 and 13 days, respectively, compared with 9.3 days for control, whereas the pupal period showed different from the control one which were 7.3 and 8.2 days/pupa which resulted from that reared on P. gossypiella treated with etofenprox and chlorpyrifos, respectively, compared with 5.4 days in control, while pupal periods were 6.9 and 7.6 days/pupa when E. insulana was treated with etofenprox and chlorpyrifos compared with 5.9 days in control.
The analysis of variance results are arranged in Table 3 . The two tested compounds caused a highly significant reduction in the percentage of the adult parasitoid emergence; it was 61 and 56% when P. gossypiella was treated with etofenprox and chlorpyrifos compared with 94% in control, while adult parasitoid emergence when reared on E. insulana treated with etofenprox and chlorpyrifos, respectively, was 33 and 49% compared with 94% in control.
Generally, the parasitoid B. brevicornis was highly affected when reared on treated larvae of P. gossypiella or E. insulana; the different immature stages require the time increased from 2-3 days for completing the developmental stages than the control.
The results in Table 4 showed reduction of percent in protein, lipids, and carbohydrates of fourth instar larvae of P. gossypiella and E. insulana which resulted from treated newly hatched larvae. Etofenprox and chlorpyrifos treatments on P. gossypiella reduced the total protein content to − 38.14 and − 52.80%, respectively compared with the control larvae, while the reduction were 39.93 and 24.44% respectively when treated E. insulana.
Etofenprox and chlorpyrifos treatments on P. gossypiella reduced lipids to − 41.98 and − 50.17%, respectively, compared with the control larvae, while the reduction was 7.97 and 55.81% respectively when treated E. insulana. The total carbohydrates content of fourth instar larvae of P. gossypiella and E. insulana decreased 
Discussion
Many authors studied the effect of insecticides on natural enemies; Hooshang et al. (2009) assessed the effects of sub-lethal dose of profenofos, spinosad, and thiodicarb on demographic and biological parameters of Habrobracon hebetor. Sex ratio of H. hebetor was highly affected by insecticides. Profenofos had moderately toxic effect on wasps. Also, Saber et al. (2005) reported that deltamethrin had no significant effects on biological parameters of Trissolcus wasps, while Armenta et al. (2003) reported that organophosphorus compound have adverse effects on insect natural enemies on maize. Indirect toxicity of insecticides to the larval parasitoid B. hebetor indicated that the larval and pupal periods were increased in times than the control at all periods of parasitism, and some authors have the same finding with our results; Anne et al. (2001) and Khan et al. (2005 and reported that the pesticides' effect on the parasitoid B. hebetor causes increase in the mortality and duration of immature stages. Also, Faal (2010) found that chlorpyrifos was highly toxic and affected H. hebetor. And Ebeid et al. (2017) showed the acute toxicity and the effects of profenofos, cyfluthrin, and the IGR on the activity of the larval parasitoid, B. hebetor. Cyfluthrin was the most toxic one which was dangerous on all life stages of B. hebetor, influencing the number of laid eggs by the parasitoid and percent of pupation and leading to failure of adult emergence. Mbata and Warsi (2019) performances of H. hebetor depend on a wide range of factors, such as host species, commodities, and environmental conditions. The result of the tested enzymes agrees with Kandil et al. (2013a, b) who found that the chlorfluazuron caused high reduction in total lipid, protein, and carbohydrates in full-grown larvae of P. gossypiella, and Said et al. (2017) recorded that IGRs caused high difference in the total protein and lipid for P. gossypiella larvae than the control.
Conclusion
From all data, it can be concluded that there were relationships between the effect of the two treatments on some biological and biochemical of hosts, P. gossypiella and E. insulana, and reared the parasitoid on the treated hosts, and it caused to elongate the time duration for the two hosts and parasitoid reared on host treated with reduction in adult parasitoid results. 
